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Review of meeting: The envelope in bacterial 
physiology and antibiotic action 
A symposium entitled ‘The envelope in bacterial 
physiology and antibiotic action’ was held in Garda 
(Verona, Italy) on September 10 to 14, 1995, organized 
by Roberta Fontana and Pietro Canepari (both froin 
the University of Verona) arid Jean Marie Ghuysen 
(University of Li&ge), and supported by the University 
of Verona, the Italian Society of Microbiology (SIM) 
and the Federation of European Microbiological 
Societies (FEMS). This was one of a series of meetings 
held every 2 to 3 years in various European countries 
(except for one held in the United States). The assenibly 
of more than 150 participants included 10 young 
European researchers supported by the FEMS. The 
occasion was, however, deeply saddened by the loss of 
a dear friend and colleague, Giuseppe Satta, who passed 
away in October 1994. His presence and his contri- 
butions were sorely niissed throughout the meeting. 
The aim of the symposium was to communicate 
the latest advances in bacterial physiology and antibiotic 
action, including basic studies ofthe structure, function, 
assembly and degradation of bacterial cell walls and the 
application of this information to the current under- 
standing of how cell-wall antibiotics (p-lactains and 
glycopeptides) work to inhibit or modify these processes. 
(2.11. Shockinan opened the program with a dis- 
cussion on bacterial cell walls, peptidoglycan hydrolases, 
autolysins and autolysis, covering the regulation of these 
activities, and how they communicate and integrate 
with chromosome replication, synthesis of cytoplasmic 
macromolecules, and cell growth and division. 
The session on peptidoglycan structure and syn- 
thesis presented evidence that some largely unexplored 
steps in the synthesis of this component could provide 
potential targets for novel antibacterial agents. Attention 
was drawn to the process of interpeptide bridge 
formation in Staphylococcus aweus (H. Labischinski 
et al.) and the assenibly of the disaccharide-peptide 
monomer a. van Heijenoort et al., M. Gusbler et al., 
H. Ho et al.) as well as to approaches to the design of 
useful inhibitors of the D-Ala-1)-Ala-adding enzyme 
and translocase I (D.J. Miller et al., EE. Brandish et al.). 
New insights into the periplasm and perisplasmic 
space of gran-negative and gram-positive bacteria 
were revealed by the studies of T.J. Beveridge and 
H.M. Pooley, respectively. The role of O-acetylation of 
peptidoglycan in the maintenance of peptidoglycan 
structure was discussed by A.J. Clarke. Contributions 
on non-eubacterial mureins, such as those of methano- 
genic bacteria and Cyanophora paradoxa plastids, were 
presented by H. Konig and W. Loffelhardt et al., 
respectively. 
Some important aspects of structure and function 
of the Fts and penicillin-binding (PBP) proteins of 
Escherichia mli were presented in the discussion on cell 
wall growth and division. N. Nanninga et al. proposed 
that FtsZ was more a stimulator of peptidoglycan 
synthesis rather than part of a contractile division 
apparatus. This group (N. Buddlemeijer and R. van 
Eijsden) also presented functional characterizations of 
FtsZ and FtsQ and, according to M. Vicente et al., the 
action of FtsA in cell septation is regulated by the 
phosphorylation state of protein. L). joseleau-Petit 
postulated that the niorphoproteins FtsQ and FtsA 
constitute the link between the translation apparatus 
and septation/inorphogenesis system of bacteria. 
Contributions on PBPs focused on the structure and 
activity relationships of PUP-3 (J.A. Ayala, C. Fraipont 
et al.) and PBP-2 (H. Matsuzawa) as well as on new 
approaches to the study of PBP saturation in growing 
cells (S. Lepage), subcellular localization (L. Blaszczak 
et al.), enzymatic activity (H. Mottl et al., M. G. 
Camera et al.) and x-ray structure (F. Fusetti et al.). Of  
great importance was the identification of the gene 
coding for PBP-7 in E. coli (H. Hara). An unexpected 
mechanism of cell growth regulation, shown by M. 
Matsuhashi et al., consisted of transniission of physical 
signals enhanced by structures of the cell envelope. 
In the session on cell wall hydrolases, J. Holtje et 
al. showed that E. coli has different niurein hydrolases 
that interact with each other and with several niurein 
synthetases (PBPs) to forni niultienzynie complexes 
that may be specifically involved in cell division and 
elongation. The x-ray structure and reaction niech- 
anisin of the soluble lytic transglycosylase were 
presented by B.W. Dijkstra, and the structure, role and 
regulation of gram-positive bacteria autolysins were 
discussed by S.J. Foster et al., with particular regard to 
vegetative growth and sporulation in Bacillus subtilis, 
and the bactericidal activity of cell-wall antibiotics on 
S. auveus and on the virulence of Listeria rr~onocytogenes. 
An interesting aspect of B. subtilis autolysin regulation 
arose from the study of E Margot et al., and A. llijkstra 
postulated that some of the peptidoglycan hydrolyzing 
enzymes may be specifically involved in the assembly 
of envelope-spanning structures. Several reports 
discussed EntPrococcus hirue ATTC 9790 autolysins, 
particularly regarding their role in penicillin resistance 
and in autolysis (L. Daneo-Moore), cellular location 
(0. Massidda et al.), and cloning of the entire 
muramidase-2 gene (L. Sechi et al.) and of the gcnes 
involved in the control of this enzyme (M. M. Lleb et 
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al.). Other contributions covered the Rzl lipoprotein of 
phage X (A. Taylor), a lytic peptide compound pro- 
duced by Bacillus cereus (A.G. Pisabarro et al.), and the 
cellulolytic system of Streptomyces halstedii (A.L. Garda- 
Salas) . 
The discussion on antibiotic resistance due to 
altered peptidoglycan targets covered the mechanisms 
of resistance to glycopeptides in enterococci and to 
p-lactams in pneumococci, enterococci and staphylo- 
cocci. P. Courvalin presented an update review of the 
genetic mechanisms of glycopeptide resistance and 
P.E. Reynolds discussed some new aspects of the 
biochemical basis of vancomycin resistance; B.L.M. de 
Jonge demonstrated that different responses of peptido- 
glycan metabolism to the van gene products can be seen 
in Enterococcus faecalis and Enterococcus faecium. Studies of 
the mechanism of teicoplanin resistance in Staphylo- 
coccus huemolyticus and characterization of vancomycin- 
resistant E. faecalic were presented by E V. Biavasco et 
al. An important success in new antibiotic research, 
described by N.E. Allen, is a new glycopeptide with 
excellent activity in vitro against vancomycin-sensitive 
and -resistant bacteria as well as antitransglycosylase 
activity. R. Hackenbeck et al. reported on the 
molecular mechanisms of the evolution of penicillin 
resistance in Streptococcus pneumoniae and identification 
of non-PBP genes involved in resistance to p-lactams. 
There were new data on the low-affinity PBP of 
enterococci as regards its role in acquisition of high- 
level ampicillin resistance (R. Fontana, M. Ligozzi), 
genetics (J. Coyette et al.), expression in E. coli (C. 
Signoretto) and interspecies homology (C. Robbi). 
Characterization of the femC locus of 5’. aureus (B. 
Berger-Bachi et al.) and the finding that 
overproduction of PBP-4 is associated with decreased 
methicillin susceptibility in S. aureus further demon- 
strates the complexity of factors involved in methi- 
cillin-resistant mechanisms. 
The session on cell wall components other than 
peptidoglycan was focused mainly on the structure and 
synthesis of teichoic and lipoteichoic acids as well as on 
the permeability of gram-negative bacteria cell wall. W. 
Fischer described the structural peculiarities of the 
teichoic acids in the cell wall-membrane complex of 
S. pneumoniae, and D. Karamata discussed the genetic 
organization and biological role(s) of B. subtilis teichoic 
acids; EC. Neuhaus and J. Weche described the genetic 
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organization of the dlt operon involved in the 
biosynthesis of D-alanyl-lipoteichoic acid in Lacto- 
bacillus casei and B. subtilis. P. Canepari and M. Boaretti 
discussed a specific inhibition of lipoteichoic acid 
synthesis exerted by daptomycin through interaction 
with membrane proteins, and G. Thanassi pointed 
out the synergy between efAux mechanisms of drug 
resistance and the gram-negative bacteria cell wall- 
permeability barrier. The role of the outer membrane 
in carbapenem access to their targets was reported by 
G. Cornaglia. Other contributions dealt with S-layer 
proteins (P. Messner), cell-wall sorting of surface 
proteins in S. aureus (0. Schneewind) and capsular poly- 
saccharides in group B streptococci (L. Thissi et al.). 
The discussion on P-lactamases outlined the con- 
nection between the murein recycling pathway and p- 
lactamase induction in gram-negative bacteria (T. 
Park), the mechanism of p-lactamase induction in 
gram-positive bacteria (B. Joris) and functional aspects 
of the primary structure of class A p-lactamases (E 
Guo). Also presented were several studies on the 
characterization of new p-lactamases: carbapenemases 
from Cryseobacterium species (G.M. Rossolini, G. 
Aniicosante); cephalosporinases from Aciuetobncter 
species; extended-spectrum p-lactamases from Serratia 
marcescens and Klebsiella pneumoniae (M.G. Perilli et al.); 
a methicillinase from S. aureus (0. Massidda et al.); and 
a penicillinase from Nocardia asteroides (E Scopetti). 
Other contributions included studies of purification of 
Aeromonas hydrophila metallo-P-lactamase as expressed 
in E .  coli (M. Hernandez-Valladares), and kinetics of 
biapenem and P-lactamase interactions (A. Felici). 
In the concluding discussion, J.M. Ghuysen 
revisited key steps in peptidoglycan synthesis in the 
light of more recent advances in the clarification of 
the relationships between proteins, the notion of a 
protein superfamily and the driving forces of evolution. 
Ghuysen also emphasized that future antibacterial 
chemotherapy strategies are likely to depend on an 
understanding of the function of existing targets at the 
atomic level - allowing new drugs to be designed - and 
on identification of the constitutive elements and 
‘wiring’ of the morphogenetic networks - allowing 
new targets to be discovered. 
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